Background: Strengthening exercise is an important component of rehabilitation programs. Recently, it is reported that strengthening exercise with low-intensity resistance training (20-30% of 1 Repetition Maximum) combined with the application of blood flow restriction potentially increases muscle strength and induces muscle hypertrophy as well. Objective: This study aims to compare the increase in muscle strength and hypertrophy among the muscles trained with highintensity resistance training (HIRT), low-intensity resistance training combined with the application of blood flow restriction using a sphygmomanometer cuff (LIRT+BFR) and low-intensity resistance training (LIRT) alone. Method: The subjects (n=18) are randomly and equally divided into three groups, those are the groups getting the strengthening exercise for left Biceps Brachii muscle with HIRT (70% of 1 RM), LIRT (30% of 1 RM)+BFR and LIRT (30% of 1 RM). Before starting and after getting the resistance training for five weeks, each subject is measured for the left arm circumference.
INTRODUCTION
Strengthening exercise is an important component of rehabilitation programs.
1,2,3 American College of Sports Medicine (ACSM) recommends that to gain the increase in muscle strength and muscle mass, strengthening exercise with high-intensity resistance training (≥ 70% of 1 Repetition Maximum) must be performed. 4 Recently, it is reported that strengthening exercise with low-intensity resistance training (20-30% of 1 Repetition Maximum) combined with the application of blood flow restriction potentially increases muscle strength and induces muscle hypertrophy as well. 5 It can be very useful of course as an alternative strengthening exercise method for those who are not able to tolerate the high-intensity resistance training.
Almost all of the studies about low-intensity resistance training combined with the application of blood flow restriction used KAATSU master pneumatic cuff with 3 cm wide for upper extremities and 5 cm wide for lower extremities. 7 However, the cuff with that size is difficult to get in Indonesia.
Sphygmomanometer cuff for an adult (13 cm wide) is the kind of cuff that is easy to get in Indonesia. This study aims to compare the increase in muscle strength and hypertrophy among the muscles trained with high-intensity resistance training, low-intensity resistance training combined with the application of blood flow restriction using a sphygmomanometer cuff and low-intensity resistance training alone.
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METHODS
Participants
The subjects of this study are 18 healthy, 26 -45-yearold men, in Physical Medicine and Rehabilitation Department of Dr. Soetomo General Hospital, Surabaya who satisfy the inclusion criteria and not including in exclusion criteria. The inclusion criteria are normal body mass index (18,5 -24,9 kg/m 2 ), systolic blood pressure 110-130 mmHg, diastolic blood pressure 70-80 mmHg and willing to voluntarily participate as a subject by signing informed consent and medical procedure agreement after getting a clear information. The exclusion criteria are doing or having done a strengthening exercise program routinely within at least the past eight months, ischemic heart disease, having a history or being found or having a risk of deep vein thrombosis and peripheral artery disease. This study was approved by the ethics committee for research in basic/clinical science in Dr. Soetomo General Hospital, Surabaya with the ethical clearance number 477/Panke.KKE/VI/2016.
Exercise Protocol
The subjects are given a strengthening exercise program for five weeks for left Biceps Brachii muscle and randomly divided into three different intervention groups; those groups are the group with high-intensity resistance training, the group with low-intensity resistance training combined with the application of blood flow restriction and the group with low-intensity resistance training alone.
Before starting the exercise, each subject is determined his one repetitive maximum (1 RM). The determination of 1RM has performed automatically by using EN-TreeM Measurement pulley machine.
High-intensity resistance training (HIRT) of Biceps Brachii muscle is an isotonic strengthening exercise of left Biceps Brachii muscle using EN-Tree pulley machine. For biceps curl movement (a movement of the elbow joint from 0º extension to 135º flexion and then back to 0º extension) with 70% of 1RM load intensity. Three sets (12 repetitions in each set) with 2 minutes of the rest period between each sets, twice a week for at least one day off in between, for five weeks.
Low-intensity resistance training combined with the application of blood flow restriction (LIRT+BFR) of Biceps Brachii muscle is an isotonic strengthening exercise of left Biceps Brachii muscle using EN-Tree pulley machine.
For biceps curl movement (a movement of the elbow joint from 0º extension to 135º flexion and then back to 0º extension) with 30% of 1RM load intensity. Four sets (30 repetitions in the first set and 15 repetitions in each second until the fourth set) with 30 seconds of the rest period between each sets, twice a week with at least one day off in between, for five weeks.
During the exercise, adult sphygmomanometer cuff is applied to the proximal portion (2 fingers wide below the axilla) of the exercised limb and inflated to achieve 50 mmHg pressure. The pressure is maintained all the time during the exercise by locking up the sphygmomanometer screw, including during rest period between each set. Low-intensity resistance training (LIRT) of Biceps Brachii muscle is an isotonic strengthening exercise of left Biceps Brachii muscle using EN-Tree pulley machine for biceps curl movement (a movement of elbow joint from 0º extension to 135º flexion and then back to 0º extension) with 30% of 1RM load intensity. Four sets (30 repetitions in the first set and 15 repetitions in each second until the fourth set) with 30 seconds of the rest period between each sets, twice a week with at least one day off in between, for five weeks. 
Evaluation
Before starting the strengthening exercise program and after getting the strengthening exercise program for five weeks, each subject is measured for the left arm circumference, and the peak torque of flexion left elbow joint to find any increase in hypertrophy and muscle strength of the left Biceps Brachii muscle after the 5-week training. The measurement of the left arm circumference is performed using a measuring tape at area 12 cm above the fossa cubitus during the subject in standing position with the upper extremities are in the anatomical position, and the Biceps Brachii muscle is in a relax condition. The measurement of the peak torque of flexion left elbow joint is performed using a Cybex isokinetic exercise machine.
Statistical Analysis
Statistical Analysis is performed with SPSS program for the statistic. The one-sample Kolmogorov-Smirnov test is used to determine the homogeneity of the data in each group. Paired t -test is used to compare both the diameter of the left arm and the peak torque of left elbow joint before starting the exercise program and after the 5-week exercise program in each group. ANOVA test is used to compare the difference of both the diameter of the left arm and the peak torque of left elbow joint after the 5-week exercise program among the three groups. The significance level is set at p ≤ 0.05.
RESULTS
Descriptive Findings
The physical characteristics of subjects are shown in Table 1 . There are no significant differences among the three groups about age, Body Mass Index, left Ankle Brachial Index, systolic blood pressure, and diastolic blood pressure. The increase in the left arm circumference after the strengthening exercise program for five weeks can be seen in Table 2 . We found significant increasing of the left arm circumference after the strengthening exercise program for five weeks in all intervention groups. Table 3 . shows that after the strengthening exercise program for five weeks, the groups with HIRT and LIRT+BFR produce the increase of left arm circumference significantly greater than that of the group with LIRT alone. However, there is no significant difference in the increase of left arm circumference between the group with HIRT and LIRT+BFR.
The difference in the circumference between left and right arm after the left arm has been given the strengthening exercise program for five weeks was present in Table 4 . A significant difference between left and right arm after the left arm has been given the strengthening exercise program for five weeks was only found in the groups with HIRT and LIRT+BFR. Table 5 . shows the increase of the peak torque of left flexion elbow joint at 60º/s angular velocity after the strengthening exercise program for five weeks. The significant increase is only found in the groups with HIRT and LIRT+BFR.
The increase of the peak torque of flexion left elbow joint at 120º/s angular velocity after the strengthening exercise program for five weeks shown in Table 6 . The significant increase is only found in the group with LIRT+BFR, while Table 7 . shows the increase of the peak torque of flexion left elbow joint at 180º/s angular velocity after the Note: -The number is mean ± standard deviation (SD) for normally distributed data -The number is median (minimum -maximum) for non-normally distributed data Table 8 shows that after the strengthening exercise program for five weeks, there is a significant difference in the increase of the peak torque of left flexion elbow joint among the three groups, either at 60º/s or 120º/s or 180º/s angular velocity. At 60º/s angular velocity, LIRT+BFR produces the greatest increase in the peak torque of flexion left elbow joint among the three groups. At both 120º/s and 180º/s angular velocity, there is no significant difference in the increase of the peak torque of flexion left elbow joint between HIRT and either LIRT+BFR or LIRT. However, at both 120º/s and 180º/s angular velocity, there is a significant difference in the increase of the peak torque of flexion left elbow joint between LIRT+BFR and LIRT.
DISCUSSION
The study was carried out among 18 healthy men who aged 26 -45 years old, in Physical Medicine and Rehabilitation Department of Dr. Soetomo General Hospital, Surabaya. Homogenization was done for the gender of subjects (only men) to minimize bias effect of individual factors. Men have muscle hypertrophy response twice faster than women. Women have myostatin Lys 153 arg polymorphism, which functions as inhibitor of muscle growth.
8
The result of this study showed there were no significant differences among the three groups with regard to age, Body Mass Index, left Ankle Brachial Index, systolic blood pressure, and diastolic blood pressure. Age was inversely correlated with muscle strength due decreasing the number of muscle fibers type 2 (fast twitch fibers) in elderly.
9
Body Mass Index can be used to determine the grade of obesity. Obesity is often related to a sedentary lifestyle which makes the muscle weak and prone to induced muscle damage.
10 Left Ankle Brachial Index (ABI) score can be used to exclude the peripheral artery disease in left extremities which were going to be trained in this study. Peripheral artery disease (PAD) reduces blood supply into the muscle; this will affect its condition during exercise. The systolic and diastolic blood pressure affects the severity of the vessels occlusion during the strengthening exercise with blood flow restriction.
All subjects were treated by strengthening exercise program for 5 weeks because the gain of muscle strength during the first few weeks (< 4 weeks) of training is caused by neural adaptation, which increases the motor unit recruitment. Muscle hypertrophy was an important factor to increase the muscle strength, which usually occurs after the fourth week of training. In this study, we found increasing left arm circumference after 5 weeks strengthening exercise program in all groups (HIRT, LIRT+BFR, and LIRT). However, further evaluation of muscle circumference between the left arm (trained side) and right arm (untrained side) after 5 weeks reveals that the difference between the left arm (trained side) and the right arm (untrained side) was only found in HIRT and LIRT+BFR groups. This finding suggests the increasing left arm circumference after the 5-week strengthening exercise program in both HIRT and LIRT+BFR groups was due to hypertrophy effect.
11,12
In LIRT group, the increasing left arm circumference after 5-week strengthening exercise program was not followed by the significant difference between the left arm (trained side) and the right arm (untrained side) circumference. It suggests that the increase of the left arm circumference after the 5-week strengthening exercise program in LIRT group may be not caused by the hypertrophy effect, but it caused by increasing body weight since the increase of right arm circumference also occurs (untrained side).
In this study, increasing left arm circumference after 5-week resistance training with intensity 70% of 1 RM in HIRT group is matched with the American College of Sport Medicine (ACSM) recommendation "the use of intensity at least 70% of 1 RM during strengthening exercise to gain the increase in muscle strength and muscle mass". 4 The finding of the increase of left arm circumference after 5-week training in LIRT+BFR group in this study is also relevant to the result of the study by Yasuda et al. suggesting that low-intensity resistance exercise with load 20-30% of 1 RM combined with blood flow restriction may induce muscle hypertrophy.
5
This study suggests after 5-week strengthening exercise program, the groups with HIRT and LIRT+BFR produce the increase of left arm circumference greater than the group with LIRT alone. However, there is no difference in the increase of left arm circumference between the group with HIRT and LIRT+BFR. This finding shows that LIRT+BFR may induce an equal muscle hypertrophy as HIRT does. In HIRT, the muscle hypertrophy is gained due to the mechanical stress induced by high load intensity during the training. The mechanical stress activates Protein Kinase B (PKB)/Akt and ERK (Extracellular Signal-Regulated Protein Kinase). Protein Kinase B (PKB)/Akt increases protein synthesis in muscle through the activation of mTOR (Mammalian Target of Rapamycin) pathway and the blockage of the muscle protein degradation by inactivating FOXO (Forkhead Box) transcription factor. Extracellular Signal-Regulated Protein Kinase (ERK) is responsible for blocking Tuberous Sclerosis Complex (TSC2). If TSC2 is not blocked, it can block mTOR pathway.
9
In LIRT + BFR, muscle hypertrophy is mainly caused by the metabolic accumulation due to blood flow restriction during the training. The metabolic accumulation may cause the increase of lactate leading to decrease of pH intramuscular. The low pH stimulates sympathetic nerve activity through a chemoreceptive reflex mediated by intramuscular receptors and the afferent fibers group III and IV. Consequently, the same pathway has recently been shown to play a role in the regulation of hypophyseal secretion of growth hormone.
3 Growth hormone is known to increase the production of the muscle-specific insulin like growth factor-1 (IGF-1), which has been shown to have potent anabolic effects by activating satellite cells and stimulating pathways for protein synthesis, resulting in myofibril hypertrophy.
11
Low-intensity resistance training combined with blood flow restriction may also increase phosphorylation of ribosomal S6 kinase1 (S6K1) by enhancing mTOR (Mammalian Target of Rapamycin) pathway to stimulate protein synthesis resulting in muscle hypertrophy.
3,12 Other mechanisms which play a role in muscle hypertrophy in LIRT + BFR group are the shifting of fluid from plasma to muscle leading to muscle swelling. Muscle swelling due to osmotic fluid shifting into the muscle cells triggers anabolic processes through both an increase in protein synthesis and a decrease in proteolysis.
5
The measurement of the peak torque of left flexion elbow joint in this study is done at 60º/s, 120º/s and 180º/s angular velocity. The muscle contraction at 60º/s angular velocity is mainly found during daily activities. The muscle contraction at higher angular velocity (120º/s and 180º/s) is important especially for doing sports activities, such as discus throw, javelin, baseball, etc.
In this study, after the 5-week strengthening exercise program, the HIRT group shows an increase in the peak torque of flexion left elbow joint only at 60º/s angular velocity but not at 120º/s and 180º/s angular velocity. In group trained with HIRT, motor units are recruited from the smallest to the largest. Small motor units innervate slow twitch fibers involving in muscle endurance, and larger motor units innervate fast twitch fibers involving in muscle strength.
2
At 60º/s angular velocity, the muscle still has enough time to do the motor units recruitment from the smallest to the largest. Thus, there are a lot of large motor units recruited. The number the ORIGINAL ARTICLE large motor units are recruited, the greater force can be exerted so there is an increase in the peak torque of flexion left elbow joint only at 60º/s angular velocity. However, at 120º/s and 180º/s angular velocity, the muscle does not have enough time to do the motor units recruitment. Thus, there are only a few large motor units recruited. The less the large motor units are recruited, the less force can be exerted, so there is no increase in the peak torque of flexion left elbow joint at 120º/s and 180º/s angular velocity.
In LIRT + BFR group, there is found an increase in the peak torque of left flexion elbow joint at 60º/s, 120º/s and 180º/s angular velocity. These findings may be explained, during LIRT + BFR, the motor units type 1 that innervate slow twitch fibers and normally are recruited during muscle contraction with low load intensity will get fatigue early so that the motor units type 2 that innervate fast twitch fibers and normally are recruited during muscle contraction with higher load intensity will be recruited early. Consequently, there will be the faster recruitment of motor units type 2 in group trained with LIRT + BFR. The faster recruitment of motor unit type 2 makes the muscle still have enough time to do a lot of large motor units recruitment not only at 60º/s angular velocity but also at 120º/s and 180º/s angular velocity. The number the large motor units are recruited, the greater force can be exerted so there is an increase in the peak torque of left flexion elbow joint at 60º/s, 120º/s and 180º/s angular velocity. The study of Moritani et al. also found the increase of muscle fibers type 2 (fast twitch muscle fibers) during hand grasping after an isometric strengthening exercise program for hand grasping using hand dynamometer with low intensity (20% of maximal voluntary contraction) applied with blood flow restriction.
12
After the 5-week strengthening exercise program, the LIRT group shows no increase in the peak torque of left flexion elbow joint at 60º/s, 120º/s and 180º/s angular velocity. This can be explained because the LIRT is not enough to induce either neural adaptation or muscle hypertrophy. 4 Absence of neural adaptation after the LIRT causes minimal motor units recruited during muscle contraction, so there is no increasing of peak torque of left elbow joint flexion at all angle of the angular velocity.
The comparison of the increase in the peak torque of flexion left elbow joint at each 60º/s, 120º/s, and 180º/s angular velocity after the 5-week. Strengthening exercise program among the three intervention groups shows that at all of the angular velocity, the LIRT+BFR group has the greatest increase in the peak torque of left elbow flexion. These findings may be related to the faster recruitment of motor units type 2 in group trained with LIRT + BFR that makes the muscle have enough time to do a lot of large motor units recruitment that innervates fast twitch fibers involving in muscle strength.
2,3
Further studies are needed to investigate the effectively of low-intensity resistance training combined with blood flow restriction used in this study for subjects from other populations. Also, it is also important to detect any side effects, such as muscle damage and vascular damage after the treatment of low-intensity resistance training combined with blood flow restriction.
CONCLUSION
This study shows that the strengthening exercise for Biceps Brachii muscle with the low-intensity resistance training combined with blood flow restriction induces more Biceps Brachii muscle hypertrophy and more increases in muscle strength than strengthening exercise with the low-intensity resistance training alone. Compared to the high-intensity resistance training, the low-intensity resistance training combined with blood flow restriction induces an equal muscle hypertrophy and increases more muscle strength for the trained Biceps Brachii muscle.
